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1 INTRODUCTION 

Highway engineers have been searching for years for a safe and economical means of 

terminating strong post W-beam systems. Up until now there have only been a handful of 

approved W-beam end treatments, and serious que:stions have been raised lately about the safety 

of a number of these systems. In response to these concerns, a study was undertaken to develop 

an economical energy absorbing guardrail tennina!. The objective of the study was 10 develop 

a terminal which could be installed tangent to tile roadway and that would meet the safety 

criteria set forth in NCHRP 230 ill. 

2 SYSTEM DETAJLS 

The energy absorbing guardrail tenninal developed in this study consists of an impact 

head mounted on the end of a standard wood post W-beam system. The concept behind this 

system is that when the impact head is struek by a vehiele, three cutter teeth within the head cut 

the W-beam along the peaks and valley. The W-beam is cut into four relatively flat plates that 

are then bent out of the path of the impacting vehicle. 

Photographs of the system are shown in Figures 1 and 2, and a sketch of this system is 

shown in Figure 3. Details of the impact head are shown in Figures 4 and 5. These cutting 

teeth are fabricated from AR250 abrasion resistant steel, and their dimensions are shown in 

Figure 6. The end of the W-beam is notched as shown in Figure 7 and the cutters are placed 

inside these nou;:hes to ensure that they start cutting in the correct location. The cutting action 

produces a force which brings the vehide to a controlled Stop in which the occupant ridedown 

decelerations and impact velocities are within the range required by NCHRP 230 (1). Post Nos. 

I and 2 had 2 3/8 in. diameter holes parallel to the rail near the groundline, and post Nos. 

3,4,5, and 6 were standard 6- x S" CRT posts with 3 1/2 in. diameter holes at the groundline 

and 16 in. below. These holes weaken the posts for end on impacts, but allow the posts 10 
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retain most of their strength in the direction perpendicular to the rail. 

In addition to head.o()!l impactS, the ,uatdrail terminal must abo be capable of redirecting 

a 4500 Ib sedan at the beginning of the length of need at 60 mpll and 25 derrecs. With this 

condition in mind, the sWidard breala.way cable anchor sySlem was modified so that the 

connection from the cable to the W-beam would develop the tensile force necessary for 

redirection of a vellicle, but would release during an end on impact. This was accomplished by 

cutlin, tabs in the W-beam, then bendina them out to fit in !lots of a cable anchor box. POOtos 

of this anchorin, sySlC:m are shown in Fiaure 8 and the rinal dest,n is shown in Fiaure.5 9 and 

10. 

In the event of a redirectional type impact downsutam of the terminal. tensile forces in 

the rail are transferred through the anchor cable and into the first post and foondation tube. In 

order to distribute this load between the first and second posts, a strut was installed between the 

first and second posts to di5tribute the eable anchor loads between these posts. The location of 

this strut can be seen in Figure 3 and details are shown in Figure II. The system was tested 

with a Slnll measuring 66.S in. lona: in conjunction with shims pIaoed between the yoke and the 

post. In order to simplify the design. the ien&th of the ground struts should be in<:reased to 

68.25 in., so that &hims are not required, as shown in Figure II . Note that the distance between 

the end of the impact head's feeder shute and the first post is somewllat limited. When the first 

tWO posts are spaced on 6--ft 3-in. centers. the distance between the end of the shute and the 

cable anchor box is OIIly 10.5 in., and the distance between the anchor box and the second post 

is only 4.5 in. The impact head must break the first post and release the cable ancl"lor before 

the feeder shute reaches the anchor box and the anchor box must be fully disengaged before 

reaching the second post. Therefore it is important to maintain the distance between the impact 

head's cable anchor box and the second post. 

2 



.. ~ 

-

----- l 
'-

- -

Figure I. Photographs of Metal Cutting Terminal 
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Figure 2. Photographs of Metal Cutting Terminal (continued) 
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Figure 3. Metal Cutting W-bcam Guardrail Terminal 
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Fisure 8. photographs of Cable Anchor System 
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3 ruT CONDmONS 

3.1 Test Vehicles 

Two 1988 Ford Festivas were used in Tests MCS-l and MCS-2. A 1988 YU&O was used 

as a test vehicle in Test MCS-3. Four 1986 Ford LIDs were used in tests MCS-4 , MCS-S, 

MCS-6, and MeS-7. Phologrnphs of the test vehicles used in the successful oompliance tests 

arc sllown in Figures 12, 14, and 16, and data slleets for each vehicle are shown in Figures 13, 

IS, and 17. 

Black and white-ehccl:cred IaIlCU wen:: pillced on the teSt vehiclC$ for hi&h-speed film 

analysis. Two Witts wen:: locate(! on the center of ,ravity, one on the top and one on the side 

of Ihe test vehicle. Additional IaIlcts were locale(! for reference so that lIlcy could be viewed 

from all cameras. The fronl wheels of the test vehicle were aligned for camber, caster , and toc­

in values of:tero so that the vehie\e would tr.W::k properly along tbe guide cable. Two S8 flash 

bulbs, fired by a pressure tape switch on the front bumper, were mounted on the roof of the 

vehicle 10 escablish the time of impact. 

3.2 Data Acquisition Systems 

3.2.1 Accelerometers 

An Environmetltai Data Recorder CEDR-3) is used to record the accelerations during the 

full ·scale vehicle compliance tests. This is a self contained unit wllich consists of a triaxial 

accelerometer system wllich triuers upon impact, and records and stores tile data on board. 

D)'naMax sofiware is thm used 10 download the EOR-3 unit, filter !he data, and conven it 10 

an ASCII file. ~DSP· software is then usod to anaIyv; and plot the clata. 

3.2.2 High sm PbOlog@My 

Three to five high-spea:lI6-mm camel1U, with operating speeds of approximately SOO 
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frames/sec, were used to film each crash leSt. The film was analyzed using a Vanguard Motion 

AIW}'lCT. Actual camera $peed and camera diVCllCllCe factOrS were considered in the analysis 

of the high-speed film . 

3.2.3 Spm1 Imp 

Sill. pressure tape SwilcllCS spaced at Soft intefVais were used to determine !he speed of 

Ille vehicle before impact. Each tape switch fired a strobe light and sent an elcctl'Qnic timing 

mark to the data acquisition system as the fronl tire of the test vehicle passed over it. Test 

vehicle speeds were determined from electronic timing mark data recorded on ·Computetscope" 

software. Strobe JighlJ and high speed film analysis are used only as a backup in Ihe event that 

vehicle speeds cannot be determined from the electronic data. 
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Fii\ure 12. Test Vehicle PhoiOil1lphs, Test MeS-3 
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Moke: Yugo Test No.: --""~C"S",,J,--_ __ _ Veh icle Geometry 
lr"1 ches 

Mode l: GVX Tire Size: P lSS/BOR 13 0 - 61.0 b- 29.0 

Year: 1988 V.I. N. #: VX1BC 1512JK430661 ,- 85.0 , - 56.0 

,- 25.5 t - 139.5 

g- 19 .0 h - 28.0 

o[ ~c:=:% , 
• • 

e=;CS 

J - 17.3 m- 5.5 

0- 5.5 0- 14.5 

p - 52.0 , - 22.5 

, - 14_5 

Engir"1e Siz e: 4 cyl. 

TrOr"1smissiOr"1: mOr"1uo l 

Weight (Ibs) Curb Test Gross 
IMrtia l Static 

Wl 1240 1202 1285 

W2 620 622 704 

Wtotal 1860 1824 1989 

Domage prior to test: __ lN'O'N"''-_______________ _ 

Convers ion Factors. lir"1.=2.54cm. llb.=O.454kg. 

Figure 13. Test Vehicle Data Sheet, Test MCS-3 
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FigufC 14. Test Vehicle Photographs, Test MCS-4 
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Make: Ford (White) Test No.: _-1M>l'C,"S,=::4L_ 

Model: LTD Crown Victoria Tire Size: P225/70- RI5 

Year: 1986 

= 
• . -

= 
" , 

• 

, m 

• 
• • ., 

Weight (Ibs) 

Wl 

W2 

Wlolal 

" 

<-. 

• 

Curb 

2300 

1660 

3960 

VIN; 2FABP43G1GX181602 

"!R" 

Test 
Inertial 

2489 

2014 

4503 

• 

, 
YiI'i",,, 

, 

Gross 
Sta t ic 

2489 

2014 

4503 

• 

• 

Vehicle Geometry 
Inches 

0- 7.3 .0 b - 39.0 

0- 114.0 d- 56.0 

,- 52.5 f _ 214.0 

9 22.5 h - 51.0 

J - 17.0 m- 7.0 

n- 4.0 0- 13.5 

p - 62.5 q- 62.0 

, - 26.0 ,- 15.0 

t 33.5 

Engine Size: 

Transmission: automatic 

Damage prior to test: ___ N""OCN,E~ ________________ _ 

Figure 15. Test Vehicle Data Sheet, Test MCS-4 
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Figure 16. TeSI Vehicle PhOlOIrapI'ts, Test MCS-7 
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Make: Ford (Wh ite) Test No.: _~M~C~S"-=L7 __ 

Model: LTD Crown Victoria Ti re Size: P225/70-RI5 

Year: 1986 VIN: 2FABP43G4GX18 1576 

= 
1- " 

, 
• , - - - " • 

= 

Weight ( Ibs) Curb Tes t Gross 
Inertial Static 

W, 2250 2484 2484 

W2 1460 2028 2028 

Wt ota l 3710 4512 4512 

0 -

0 

, 
g -

J -

0-

p -

c -

1 

Vehicle Geometry 
Inches 

73.0 b- 39 .0 

114 .0 d 56.0 

52 .5 f 21 4. 0 

22.5 h- 51.0 

17.0 m- 7.0 

4.0 0- 1.3.5 

62.5 q 62 .0 

26.0 , 15.0 

335 

Etlgitle Size: 351 in
J 

Transmiss ion: automatic 

Damag e prior to test : __ ..C'N"O~N~E~ ________________ _ 

Figure 17. Test Vehicle Data Sheet, Test MeS-7 
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4 TEST R£SULTS 

4.1 TfSt MCS-I (1800 Ibs, 60 mph. 0 del.) 

In Test MCS-I, the 1988 Ford Festiva impacted the terminal hcad-on and offset IS in. 

to the back side of the guardrail. In this test the guide 5hute on the impact head was noI strong 

enough. The 5hutt berll after the head had cut through several feet of guardn.il, causing the 

cutter teeth to jam, and impart eJocessive forces to the vehicle. 

After this test several modifications were made to the impact head. The shute was 

strengthened by increasing the size of the members and adding a truss system to each side. In 

addition to this, the ends of the cutter teeth were extended to prevent any snagging on the W­

beam. A 4 in. POSt breaker wu also added to aid in bm.king the firs! two posts. 

4.2 Test MCS.2 (1800 Ibs, 60 mph, 0 d~.) 

In Test MCS-2, the 1988 Ford Festiva impacted the tenninal head-on and offset IS in. 

to the back side of the guardrail. In this test the firs! post did not fracture correctly, as the 4 

in. post breaker split the 5.S in. by 7.S in. post instead of fracturing iI at the groundline. 

Therefore the cable anchor was not released from the post, and a downward fon:e was imparted 

into the end of the shute when it readied the cable attachment to the W-beam. The cable 

attachment did rele2se at this point , but the downward motion of the head had already swted, 

and the W-beam buckled almost immediately. "The post breaker was extended to 8 in. for the 

next test so that the firs! post would break deanly at the ground level and eliminate the problem 

encountered during this test. 

4.] Test MCS-] (l800 Ibs, 60 mph, 0 d~ 

In Test MCS-), a 1988 Yugo impacted the tenninal head-on and offset. IS in. toward the 

back: of the rail at a speed of 63.0 mph. In this test the first post broke cleanly at ground level, 

22 



and the cable anchor mechanism released. as designed. The impact head broke the first two posts 

and cut through 6' - 6- of W-bcam before the vehicle began to yaw out toward the back side of 

the rai l. The vehicle came to rest as shown in Figure 18 with relatively modest damage and 00 

occupant compartment deformation. 

The analysis of the accelerometer data showed that the system passed tile occupant risk 

criteria presented by NCHRP 230 ill. The oormalized iongitudinaJ occupant impact velocity was 

33.3 fps, which is above the design value of 30 fps, but well below the maximum allowable 

limit of 40 fps. The nw:imum ridedown acceleration of 17.3 ,'s was above the design value 

of IS ,'s but below the muimum allowable limit of 20 , '5. 

A summary of the test results is shown in Figure 18. The damage to tne test vehicle is 

shown in Figure 19 and damage to the installation is shown in Figure 20. Plots of the 

accelerometer data from Test MCS-3 can be found in Appendix A. A summary of the saJety 

performance results is given in Table I. 
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Impact ISO mscc 

@g A A R A A 

Test Number •..• •• .•....• •. ... ...•.. MCS-3 
Date . . • . • . . . • . . . • • . • . . . . . . . . . . . 6116/94 
Installation . • . • • • Metal Cutt~r Ouardrail End Tenninal 
Ut!&tb of II\Jiallation . . . • . . . . . • . . . . . . . . . 100 ft. 
Vmicle Model . . . . • • . • • . • . . • • • • • • . 1988 Yugo 
Vmicle Weiabt 

CUrb • • • • • • • • . • . • • . . . . • • • • • • • • . 1860 lbs 
T es1 Inertial • • . • . . . • • • • . • • • • • • • . , . 1824 lbs 
Oross Stalic . . . . . . . • • • • . • • • • • • • • • • 1989 lbs 

Vehicle lmpMGt Speed . . . . . . • . • • • . • • • • . 63.0 mph 
Vmich~ Impact Angle •• ••. .... • . •.•..• ... 0 des 

Figure 18. Summary of Test MCS-3 

300msec 

A A 

4SO msec 600 mse<: 

-

A A A R A~ • 

Vehicle lmpAC!t t.oc..tion . . . . • • • IS ln. offtc:t to back of rail 
Occuput Impact Velocity 

Longitudioal •.•.••....•.....••.....• 33.3 fps 
L.atetal . . . . . . • . • • . . . • .. • • , • • • • • , • • • • . . Noae 

Oocup;u~l Ridedown Accelerations 
Lonaillldinal • • • • • • • . • • • • • . • • • • . • . . • • . 17.3 1 
Laleral .. .. .. .. .. .. .. . • .. .. • .. .. . . .. . Nooe 

Vehicle Damaae Classir~Cation 
TAD • • • • • • • • • • • • • • . . • • . . • . • • . • . . . 12-FC·S 
VOl • • . • • • • • • . • • • . . . • • . . • . . . . . . . 12FDEN2 

Ut!gth of RaJ I Fed throual\ cutter • . . . • . • . . • . 6 ft. - 6 in. 

• 
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• 

Figure 19. Test vehicle damage, Tesl MeS-) 
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Figure 20. Installation damage, Test MCS-3 



4.4 Test MCS-4 (4500 Ibs, 60 mph, 0 de&) 

In Test MCS4, a 1986 Ford LID impacted the tenninal centered and head-on at a speed 

of 61.6 mph. The impact head cut throua:h 23' - O· of W-beam before bringing the vehicle to 

a Slop. After the first 4 ft. of curtin&, the W·beam was forced down below the top cutting blade 

and was cut along two surfaces. The metal cuttina: proceeded 10 slow the vehicle: until the 

vehicle reached the fourth post. At this time, the vehicle was traveling approximately 10 mph 

and the low impact speed caused the fourth JXISI to rotate in the soil without breaking. The 

rotated post formed a ramp which caused the front of the vehicle 10 be lifted into the air and 

become disengaged from the mctal cutter. However, the vehicle was brought to a control!ed 

$lOp with no significant risk of vehicle rollover. 

Note that the guardrai l bccomina: disengaged from 0I\e of the metal cutters was somewhat 

expected since bogie testing of the metal cutting head exhibited similar behavior. The 15 small 

car and bogie vehicle te:sll however all involved the head cutting no less than 7 ft of the 

guardrail prior to one of the cutters becoming disengaged. When one of the cullers become 

disengaged, the decderation forces are shown 10 incmI.se modestly, approximalcly 25 percent. 

Therefore, since the Cutter head may 001 slip off in all cases, we believe that it is important to 

provide more than 23 ft of unrestrained guardrail in front of the impact head. Therefore the first 

segment of the W·beam in the flllal design configuration needs to be approximately 31 ft - 3 in. 

long. 

The analysis of the accelerometer data showed \!Iat the performance of the terminal 

passed the occu!JWlt risk eriteria presented by NCHRP 230 W. The normalized longirudinal 

occupant impact velocity was 23.8 fps, well below the design limit of 30 fps. The maximum 

ridcdown acceleration of9.2 g's was well below the design limit of 1:1 g's. 
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Impact 236 msec 

Test Number , , , • • , • , •• • , , • , , • , , •.•.. MCS-4 
Date .. .. .. .. .. .. .. • .. • .. • .. .. .. 6/22/94 
Installation • , , • • . Metal CIUter Ouardnoil End Tenninal 
Lensth oflnstallation • . . • . • . . . • . . . . . • • . • 100 fl. 
Vehicle Model , • • . • • . • . . . . . . . . . 1986 Ford LTD 
Vehiele Wciaht 

Curb .......................... 3960 lbs 
Test Inertial . . . • . . . • • • • . • • • . • . • • • • 4502 lbs 
Gross Static , ... .. ....• , •• , , •.• .• • 4502 lbs 

Vehicle Impact Speed .•• . .• • .•• ..• . • •• 61.6 mph 
Vehicle Impact Anale ••. ......•..... .•. . • 0 deg 

Figure 2 1. Summary of Te.st MCS-4 

472 msec 708 msec 944 msec 

Vehicle Impact Location . .. . • . •..•... Center of bumper 
Occupant lmp.et Velocity 

Longitudinal •....•...• • ••••••••••.•. 23.8 fps 
L.acera.l . . • . . . . . . . . . . • . • • • • • . . • • . • • • . . None 

Occupant Ridcdown Aeeelenotions 
Loogitudinal • . . • • • • . • • • • • • • • • • • • • . • . 9.2 g's 
Latenol .. .. .. . .. .. .. . .. .. .. .. .. .. . . . . None 

Vehicle Oamacc Cla.uirication 
TAD ••••.••••••••..••• , • , . • . • . • . . 12-FC-S 
VOl .•••.• .• •. .• ...• , ••• , •••••.. t2FCEN2 

Length of Roil Fed throuah cutter • • • • • • . • . • 23 n. - 0 in. 
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Figure 22. Test vehicle damage, Test MCS-4
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Figure 23.  Installation damage, Test MCS-4



A summary of the test results is shown in Figure 21. The damage to the leSt vehicle is 

shown in Fi,un: 22. and damage to the test installation is sIIown in Figure 23. Plots of the 

accelerometer data from Test MCS-4 can be found in Appendix A. A summary of the safety 

performance results is given in Table I. 

4.5 Tetl MCS-S (4500 lb, 60 naph, 2S dec) 

Test MCS·S was performed 10 test the rcdirectiorllli capacity of the end treatment. A 

1986 Ford LTD was directed into the system at 60 mph and 2S dqrees. 11Ie impact location 

was at the third post from the upstream end of the system. 

For this test. the critical component is the cable anchor medlanism. This mechanism 

must be capable of devdopin, coouih load to redirect the vthiele. The breakaway cable anchor 
• 

anac:hment used in this test was similat 10 the final desip shown in Figures 9 and 10 cxcepl that 

it had 6 tabs and the (ace of the anchor box with the slots was flat. During static testing of this 

component. the face of the box with the slots deformed. call1ing IlI'I interlock between the tabs 

in the W ·beam and the slots in the boll'. which provided SIIfficient strength for ancl'loll.ge of a 

miircctional impact. However, during the full ·scale test, the face of the box did not deform , 

so the IWO components did 110( interlock. Instead, the tabs in the W-beam bent over and the 

cable mechanism released at a relatively low load. As a result of this failure, the vehicle 

traveled through the system without be.in& redirected. It was determined during this test that the 

face of the anchor box would not deform wilen loaded dynamic1y. so a series of dynamic tests 

were performed 10 determine the effect that predeforming this face would have on the 

performance of the system. It was found thaI prcdeforming this face as sIlown in Figure 9 

greatly enhanced the performance of this component of the system. 
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4.6 Tm MCS-6 (4500 Ib, 60 mph, 25 dq) 

As a R'!Stl1l of the dynamic testing performed on the cable attaehment after Test MCS-S, 

the number of tabs was increased to 8, and the face of the cable attachment box was defonncd 

for Test MCS-6. as shown in Figure 9. The number of tabs was increased by reducing the tab 

spacing but with no change in the length of the cable anchor box. Test MCS-6 was performed 

under the same conditions as tesl MCS-S . with a 1986 Ford LID impacting the third post at 60 

mph and 25 dqRE5. During this test. the cable anchor mechanism did not ml, but the soil 

conditions present, in conjunction with excessive foundation rube rotation , caused the postS to 

break off with little or no rotation. T1Iese problems may be attributed to a combination of weak 

posts. unexpectedly high comp;w;tion around the postS, and insufficient foundation tube lengths. 

Visual inspection of some of the broken posts indicated that they may have not met normal 

guardrail post quality standan:ls. Soil compaction around the posts may have been artificially 

elevated by a sequence of compactioos conducted as a result of rain delays of the IeSting. In 

addition, both foundation tubes moved in exceu of 2 Ii in. at the ground line. 

4.7 Test MCS-7 (4500 Ib, 60 mph, 25 dq) 

Several modifications were made to the system for Test MCS-7. Durina Test MCS-6, 

it was observed that the tabs in the cable breakaway mechanism were on the verge of failing. 

In order to provide a safety margin , the number of tabs and the length of the cable anchor box 

were increased from 8 to 10 tabs and approximately 20 3/4 to 25 11116 in., respectively. Tnt 

length of the foundation rubes were Increased 6 in. to a total length of 6 ft - 6 in. to decrease 

tile amount of deflection in these tubes during an impact. Guard.~1 posu: used in this 

installation were inspected to assure reasonablequa1ity. "The soil compaction was also monitored 

to assure that there was not any excessive compaction situation encountered and conventional 
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compaction procedures were used during installation. 

The 1986 Ford LTD impaclCCllhe guardrail 14.S in. upstream of post No.3 at 60.0 mph 

and 26.2 del. The vehiele was smoothly rcdircctocl and left the Juardrail al an angle of I I.S 

dog. 

The analysis of the accelerometer data ~wed that the perlonnance of the tenninal 

passed the occupant risk criteria presented by NCHRP 230 (1), even thou&h it is not required 

that this rcdirectional test meet this pan of the criteria. The normalized longitudinal. (lQCUpant 

impact velocity was IS.2 fps, well below Ihe design limit of 30 fps. The maximum lonaitudinal 

ridedown acceleration of 1.4 g's was well below !he design limi t of IS g's. The normaliud 

lateral occupant impact velocity was IS .6 fps, which is below the desian limit of 20 fps. The 

maximum lateral ridedown acceleration of IS.4 a's was just above the design value of IS A's 

but well below !he limit of 20 i's. 

A $lImmaty of the test resuilJ is shown in Figure 24. The damage 10 !he test vehicle is 

shown in Fiiure 25, and damage 10 the test inStallarion is shown in Fiiure 26. Plou of the 

accelerometer data from Test MCS·7 can be found in Appendix A. A summary of the safely 

performance resullJ is given in Table I. 

Note thaI the cable ancoor box illCOl]XlralCd in the head-on impact testing (TCSlJ MCS·3 

and MCS-4) was approximately S in. shorter and had only 6 metal tabs. However, films of tests 

3 and 4 indicate that the cable anchor box release mechanism pcrfonned very well and relcucd 

from the ,uardn.il well befme striking the IICCOnd post. Further, when the cable anchor 

mechanism was struck by a metal mallct, it was observed to T1I.pid ly release from the &uardrail 

clement. Therefore .... 'C believe that the revised cable anchor mochanism will perfonn adequately 

during head-on impact testing and does not need to be retcs:ed. 
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Impact 100 m $CC 200 msec 300 mscc 400 mse<: 

-------------
.... --- -/ - -

/,," ".----------------- -- ------
.; ".... -

/ / 
'/ 

-- ----------
/ , 

, ' 
~l 

T .... Number , •........•.• , ..•.•.••.• MeS·' 
DMe ............................ tfV9.4 
Installil ioa .. • ... Metal Cutter Guard •• il End T""";nal 
...... , 1.10 of l rutaltl!iDII .. . ..•.• , ..•.•.•..• 100 n. 
VelIie:1e Model •.•..• ... • . ••..•. 1916 Ford LTD 
VelIie:1e Wei, II1 

0."" .......................... )960 1M 
T .. llMnial . .. •..•...•..•.•.•.••. 4512 Ik 
e ... SlMie: •.•...•..•• .•..•••.• , . 4512 Ik 

Veruole lDII'CI Spem ..•...••• , .•••••. 60.0 qlll 
Vellicle 11111*1 Ani" ..•...•.••.•• ..• .. 26.2 de, 
Vehicle E1it Anile •..••..• . ••..• . .••• 11.5 del 

Figure 24. Summary of Test MCS-7 

V. bicle I"..,OCI Locali<ift . . .• 14.5 irI. Upol .... m I>f Pesc No. 3 
QcCOlpM.1 Impooct V.loci!, 
~lWinol ............. . ... . ...... ]5.2 fpI 
LM«al . . . . . . . • . . . . . . . . . . . . . . . . . . .. 1S.6 (pi 

Occupont RidecIowa A<UlenliOftll 
~I""inol .......................... 1.4, 
I.Meral •• . • • . . • . . . . • • . . • • . . • • . . . . • .• t.s.4 I 

VWcle o.a..p a..ificr.IM;. 
TAD ........... . .......... II -LFQ-l 1]-[J)-2 
VDI .. .. . .............. ........ . JlLDES] 



Figure 25. Test Vehicle Damage, Test MCS-7 
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Figure 26. Installation Damage, Test MeS·7 
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5 CONCLUSIONS 

FulJ-sc:a1e (X)IIIplianc.e testing of the metal cutting guardrail terminal showed that the 

system, with only minor revisions , passed all of the: required criteria presented in NCHRP 

Repon 230 ill for an end treatment . It is believed that this system can be fabricated and 

marketed at a significanUy reduced cost compared to other terminals of this type. By reducing 

this cost. a significantly larger number of these systems will be installed, and the overall safety 

of ,uardrail ends can be ,reaUy improved. 
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Figure A- 1. Longi!udinal Occupant Displacement, Test MCS-3 
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Figure A-2. Longitudinal Change in Velocity, Test MCS-3 
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Figure A-4. Longitudinal Occupant Displacement, Test MCS-4 
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Figure A-5. Longitudinal Change in Velocity, Test MCS-4 
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Figure A-6. Longitudinal Deceleration, TC$1 MCS-4 
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Figure A-8. Longitudinal Change in Velocity, Test MCS-7 
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Figure A-11. Lateral Occupant Velocity, Test MCS-7 
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Figure A-12. Lateral Deceleration, Test MCS-7 




